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Abstract 
Background: To identify the anatomical variations 
in cerebral arterial circle of Willis in patients with 
hemorrhagic stroke.  
Methods: Computerized tomographic (CT) 
angiograms of fifty four non-randomly selected 
patients who presented with hemorrhagic stroke 
were studied for the anatomical variations in the 
circle of Willis regarding its completeness, pattern 
and symmetry. The individual cerebral vessels were 
also noted for the presence, origin, caliber and 
symmetry. The variations of the circle as whole and 
segmental variations were studied. 
Results: In the study, seventeen (31.4%) of fifty 
four (100%) cerebral arterial circles were complete. 
Eleven (20.3%) had typical configuration, nine 
(16.6%) had symmetrical and forty seven subjects 
(87%) had different types of variations in their 
component vessels. Variations are most common in 
posterior communicating artery followed by anterior 
communicating. Eleven (20.3%) circles were found 
with aneurysm. 
Conclusions: Different types of variations in the 
formation of circle of Willis as a whole and in its 
component vessels are common in patients of 
hemorrhagic stroke. 
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Introduction 
         Brain is supplied by a set of vessels located at its 
base forming a ring like structure known as the 
cerebral arterial circle of Willis. Circle of Willis has 
been studied for many variations.1-3 The anterior and 
middle cerebral arteries, form the anterior circulation 
that supplies the forebrain. The branches from 
posterior cerebral (part of COW), basilar and vertebral 
arteries supply the posterior cortex and the brainstem 
and constitute the posterior circulation of brain.4 The 
pattern of cerebral arterial circle of Willis is considered 
typical if all the component vessels are present; they 
are not duplicated or triplicated; origin of the 
contributing vessels is from its typical source and the 
external diameter is not less than 1mm as significant 
flow reduction occurs below this diameter.5,6 The 
paired vessels were considered asymmetrical if the 
vessel on either side was absent or there was a 
difference of one third in their diameter since this 
equals a cross sectional area reduction of >50%.7 
    Hemorrhagic stroke is a medical emergency which 
can cause permanent neurological damage, 
complications and death if not promptly diagnosed 
and treated.8 It occurs when blood vessels in the brain 
leak or rupture, causing bleeding in or around the 
brain. The most common risk factors for hemorrhagic 
stroke are chronic high blood pressure, aneurysms, 
amyloid angiopathy, arterial-venous malformations 
and cancers which may cause bleeding in the brain.9  
     There is a definite correlation between the 
anomalies of COW (absent, split, hypoplastic and 
accessory vessels etc), specially the asymmetric 
proximal segments of the anterior cerebral artery, 
aneurysms of anterior communicating artery, 
asymmetrical posterior communicating arteries, 
aneurysms at the junction of internal carotid and 
posterior communicating arteries.10-12 The association 
between aneurysms and anomalies of COW suggests 
that structural malformations, by producing local 
alterations in intravascular dynamics, may provide a 
mechanical basis for the development of aneurysm in 
congenitally weak portions of the vascular wall.13  
     The spiral CT laid the foundation for improvement 
in CT imaging which initiated the development of 
three dimensional image processing techniques with 
contrast-enhanced helical CT scans which are used to 
create a computer-generated three-dimensional 
depiction of blood vessels. 14  
    The present study was conducted keeping in view 
the variants in this primary collateral pathway which 
may not produce any ill effects under normal 
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circumstances; however, with occluded vertebral or 
internal carotid artery, they can be a potential source 
of hydraulic imbalance causing hemorrhage in many 
individuals. 
 
Patients  and Methods  
       Fifty four computerized tomographic angiograms 
(CTA) of adult patients of either sex who presented 
with hemorrhagic stroke between 20 to 70 years were 
non randomly selected from radiology department of 
local hospitals and were analyzed for the anatomical 
variations in the circle of Willis. CT angiographic 
examination was performed on a multi detector row 
spiral CT machine, with the basic configuration of 64 x 
0.625 mm collimation. Maximum intensity projections 
(MIP) images were used primarily for diagnostic 
purposes. Three dimensional maximum intensity 
projection images were also constructed on work 
station and analyzed for the different variations in 
cerebral arterial circle of Willis.  Radiologists 
interpreted all CTA scans.  The cerebral arterial circle 
was studied in detail in each specimen with reference 
to completeness, pattern, variations and symmetry of 
circle of Willis,presence, origin, external diameter and 
number of component vessels of circle of Willis and 
presence of aneurysm.  
 
Results 
     From a total of fifty four subjects included in 
present study, thirty were males and twenty four were 
females. Different types of variations like 
asymmetrical paired vessels, unilaterally or bilaterally 
absent and hypoplastic posterior communicating 
arteries, absent, split or double anterior 
communicating arteries etc. were found in forty seven 
subjects, seventeen arterial circle of Willis were 
complete and eleven were of typical configuration. 
Symmetry was maintained in nine subjects only. 
Eleven circles were found with aneurysm. (Table 1).   
     Single pre-communicating segment of anterior 
cerebral artery was present in 98.1% subjects on either 
side with its typical origin. External diameter of this 
vessel on right side was less than 1mm in 7.5% cases 
and on left side in 3.7% cases. (Table 2).Single anterior 
communicating artery was present in 92.5% subjects 
with its typical origin. It was hypoplastic in 4% 
subjects. (Table 2) Aneurysm was found in 12% cases 
(Fig 1).Single pre-communicating segment of posterior 
cerebral artery was present in 96.2% with its typical 
origin and absent in 3.7%. (Fig 2). 
     Table 1. Different types of cerebral arterial 
 circle of Willis 
Circle of Willis NO  (%) Total No(%) 
Complete 17 (31.4) 54 (100) 
Incomplete 37 (68.5) 
Typical 11(20.3) 54 (100) 
Atypical 43(79.6) 
Variations present 47(87) 54 (100) 
Variations absent 7(12.9) 
Symmetrical  9(16.6) 54 (100) 
Asymmetrical 45(83) 
Pre-communicating segment of anterior cerebral artery, ACA; 
anterior communicating artery, Acom; pre-communicating segment 
of posterior cerebral artery, PCA; posterior communicating artery, 
Pcom; right, Rt; left, Lt. 
 
 
Table 2. Variations in component vessels of circle of Willis in patients with hemorrhagic stroke. 
Artery 
 
 
Side 
 
No(%) 
Present 
 
No (%) 
Absent 
 
No (%) 
Typical 
Origin 
No (%) 
Atypical 
origin 
No (%) 
Hypoplastic 
 
No (%) 
Aneurysm 
 
No (%) 
Single 
 
No (%) 
Split 
 
No(%) 
ACA 
Rt 53(98.1) 1(1.8) 53(100) 0(0) 4(7.5) 0(0) 53(100) 0(0) 
Lt 53(98.1) 1(1.8) 53(100) 0(0) 2(3.7) 0(0) 53(100) 0(0) 
Acom  50(92.5) 4(7.4) 50(100) 0(0) 2(4) 6(12) 50(100) 0(0) 
PCA 
Rt 52(96.2) 2(3.7) 52(100) 0(0) 3(5.7) 0(0) 52(100) 0(0) 
Lt 54(100) 0(0) 54(100) 0(0) 2(3.7) 0(0) 53(98.1) 1(1.8) 
Pcom 
Rt 24(44.4) 30(55.5) 24(100) 0(0) 7(29.1) 2(8.3) 24(100) 0(0) 
Lt 26(48.1) 28(51.9) 26(100) 0(0) 6(23) 2(7.6) 26(100) 0(0) 
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Table 3. Symmetry of cerebral arterial circle of Willis 
Vessel Symmetrical No(%) Asymmetrical No(%) 
ACA* 37 (68.5) 17(31.4) 
P com** *15(27.7) *15(27.7) 
PCA*** 47(87) 7(12.9) 
*ACA=Anterior Cerebral Artery;**Pcom=Posterior communicating 
artery; *** Pre-communicating arery  
 
 
Fig 1. Angiogram of complete cerebral arterial circle 
with hypoplastic posterior communicating arteries 
on both sides. An aneurysm of anterior 
communicating artery is also present.  
 
A com: Anterior communicating artery, A1 (R): Pre communicating 
segment of right anterior cerebral artery, A1 (L): Pre communicating 
segment of left anterior cerebral artery, P com (R): Right posterior 
communicating artery, P com (L): Left posterior communicating 
artery, P1 (R): Pre communicating segment of right posterior cerebral 
artery, P1 (L): Pre communicating segment of left posterior cerebral 
artery 
 
Posterior communicating artery was the most 
frequently absent and hypoplastic vessel. On right 
side, single Pcom was present in 44.4% of the subjects 
with typical origin. Hypoplasia was observed in 29.1% 
while 8.3% of cases had aneurysm in this vessel. On 
left side, 48.1% had single posterior communicating 
artery with its typical origin, 23% had hypoplasia 
while 7.69% cases had aneurysm and missing 
bilaterally in 44.4% (Table 2, Fig 2).Anterior cerebral 
artery was asymmetrical in 31.4% of cases followed by 
asymmetry of posterior communicating artery and 
posterior cerebral artery in 27.7% ( missing bilaterally 
in 44%) and 12.9% of subjects respectively. (Table 3) 
 
Discussion 
     Arterial circle of Willis provides constant supply of 
blood to the cerebral mass. Impaired development of 
collateral arteries may be an important factor playing a 
role in stroke pathogenesis in hypertensive patients. 
The association between aneurysms and anomalies of 
arterial circle of Willis suggests that structural 
malformations, by producing local alterations in 
intravascular dynamics, may provide   a      mechanical  
 
 
Fig 2. Photograph showing the angiogram of an 
incomplete cerebral arterial circle. The left sided 
posterior communicating artery and right sided pre 
communicating segment of posterior cerebral artery 
are absent.  
 
A com: Anterior communicating artery, A1 (R): Pre communicating 
segment of right anterior cerebral artery, A1 (L): Pre communicating 
segment of left anterior cerebral artery, IC (R): Right sided internal 
carotid artery, P com (R): Right posterior communicating artery, P1 
(L): Pre communicating segment of left posterior cerebral artery. 
 
    basis for the development of aneurysm in 
congenitally weak portions of the vascular wall.15,16      
Asymmetrical, atypical and incomplete cerebral 
arterial circle may play role in the etiology of cerebral 
hemorrhage as these were frequent anomalies 
observed in present study; 83.3%  circles were 
asymmetrical, 79.6% were atypical and 68.5% had 
incomplete cerebral arterial circles. In  a study 
performed by K. Kapoor et al. (2008) on 1000 
specimens, 96.8% of cerebral arterial circles were 
complete and 42.2% were of typical pattern.6 However 
in our study, 20.3% had typical pattern. So our 
observations accordingly stand at variance regarding 
completeness and symmetry of cerebral arterial circle 
when compared with the studies reported earlier. 
     In present study, the incidence of aneurysms in the 
circle of Willis was shown to be significantly higher 
(20.3%). It is suggested that variations in the circle of 
Willis were statistically more frequently associated 
with aneurysm than in those without it. The 
configuration of this primary collateral pathway is a 
major risk factor for circulatory deteriorations during 
acute changes in hemodynamics.A definite correlation 
between asymmetrical proximal segments of the 
anterior cerebral arteries and aneurysms of anterior 
communicating artery and statistically significant 
relationship is found between asymmetrical posterior 
communicating arteries and aneurysms at the junction  
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of internal carotid and posterior communicating 
arteries due to hemodynamic stress caused by 
variations .11,12,17,18 In present study, the absence (55.5% 
on right side and 51.8% on left side) and hypoplasia 
(29.17% on right side and 23% on left side) of posterior 
communicating artery on either side was the most 
commonly found variation while this artery was 
missing bilaterally in 44.4% cases.  
     Although CTA showed high specificity and 
sensitivity, some limitations became apparent. The 
three dimensional reconstruction is operator 
dependent and improper handling can markedly alter 
the appearance of the vessels and could potentially 
result in elimination of vascular branches or 
aneurysms. The technique of maximum intensity 
projection reconstruction resolved these problems, 
however, CTA is considered more sensitive in 
visualizing hypoplastic pre communicating segment of 
anterior cerebral artery than digital subtraction 
angiography.  
     Present study confirms findings of many previous 
studies showing that asymmetrical pre communicating 
segment of anterior cerebral artery was more 
common(31.4%) in the patients of cerebral 
hemorrhage. Velthius et al. (1995), in his study on 100 
patients with subarachnoid hemorrhage found that the 
pre communicating segment of anterior cerebral 
arteries was asymmetrical in size in 90% of patients 
who also showed aneurysm of anterior 
communicating artery, hypoplastic pre communicating 
segments of anterior cerebral arteries occurred three 
times more often in patients with anterior 
communicating artery aneurysms.19 These results were 
in accord with the results of investigations by de Rooij 
et al. (2009), on the risk factors for the rupture of 
intracranial aneurysms.7 
 
Conclusion 
Although the cause of cerebral hemorrhage is 
multifactorial, the  variations in circle of Willis play 
role in hemorrhagic strokes.. 
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